item analysis; difficulty index; discrimination index; student evaluation THE LICENSING BOARD charged with certifying medical school graduates to practice medicine has revised the licensing examination (5,lO). A single pathway has been adopted to replace the multiple pathways previously available to medical school graduates. This pathway is named the United States Medical Licensing Examination (USMLE). Three standardized examinations comprise this licensing process.
of vignette-type examination items for testing medical physiology. Am. J. Physiol. 264 (Adv. Physiol. Educ. 9): Sll-S15, 1993.-Step 1 of the United States Medical Licensing Examination has now replaced the National Board of Medical Examiners part 1 examination as the initial step in medical licensure. The new examination format places an increased emphasis on clinical vignettes to test basic physiological concepts. Suggestions from a question-writing workshop were incorporated into cardiovascular items in a midcourse physiology examination.
Item analysis indicated that the overall examination difficulty was not different from examinations administered in the preceding years. Within the examination, however, the vignette questions had significantly higher discrimination indexes than other question types. The slope of the difficulty-to-discrimination relationship was significantly higher in 1992 than in previous years. This means that questions of equivalent difficulty were more discriminating in 1992 than in previous years. Finally, this report suggests a method of identifying questions with both high discrimination and high difficulty index for the development of an (informal) test item bank. The clinical vignette question types are a valuable method of examining basic physiological principles.
item analysis; difficulty index; discrimination index; student evaluation THE LICENSING BOARD charged with certifying medical school graduates to practice medicine has revised the licensing examination (5,lO) . A single pathway has been adopted to replace the multiple pathways previously available to medical school graduates. This pathway is named the United States Medical Licensing Examination (USMLE). Three standardized examinations comprise this licensing process.
Step 1 focuses on basic science material; steps 2 and 3 deal with clinical sciences.
The reorganization of the licensing examination occurred at a time of major curriculum revision nationally and internationally (2, 11). The efficacy of problembased educational approaches has been documented for medical student instruction (1, 3, 9) . Programs using exclusively a problem-based educational approach are at one end of a continuum, and the traditional lecturebased educational programs are at the other extreme.
The USMLE bridges this curriculum gap by adopting a new questioning format. The examination has replaced questions centered on recall of facts with bestanswer questions emphasizing evaluation and interpretation of data (4). In the new format, patient vignettes (see Table 1 ) or graphic presentation of data provides a common basis for a series of multiple-choice questions.
The USMLE also incorporates an expanded matching section in the new examination format.
The change in the question format of the licensing examination provides an incentive for medical school faculty to reevaluate the style of questions used in course examinations. Adoption of the new USMLE questioning style for in-course examinations will familiarize students with the question format and reduce student apprehension about the step 1 examination format.
The USMLE conducts workshops to familiarize medical school faculty with the changes in the step 1 examination format and emphasis. A representative of the USMLE presented a question-writing workshop for the faculty at East Carolina University School of Medicine. Recommendations from this workshop were used to construct examination questions for cardiovascular physiology. This report describes the student performance and the item analysis for this examination and compares the results from examinations administered to previous classes of medical students at East Carolina University.
Item analysis can be used to evaluate the performance of questions used in an examination. Two measures of performance determined in an item analysis are the difficulty and the discrimination. Difficulty describes the percentage of students taking the examination who answered the item correctly, affecting the average grade for the examination. Discrimination describes the ability of the item to distinguish between more and less knowledgeable students. This characteristic usually contributes to the spread of scores (standard deviation) of the examination.
The item difficulty and discrimination are often reciprocally related. Easier questions (high difficulty index) are usually poor discriminators. Harder questions (lower difficulty index) can be good discriminators. Examination construction often balances items of these two types, providing an appropriate spread of scores (a concern of the faculty) and an acceptable average grade (a concern of the students).
Item analysis can be interpreted to identify "ideal" questions, characterized by both a high discrimination and acceptable difficulty. This report suggests that a nonparametric value, based on both the discrimination and difficulty indexes, be established to identify ideal questions. A bank of these questions can be compiled and used to provide students with examples of question Items were constructed to test cause-effect, graphic interpretation, and the ability of students to draw a conclusion from the data.
Clinical vignette questions require a significant amount of time for interpretation and analysis (7). Consequently, 15 vignette-based questions were supplemented with a matching section containing six questions. The matching questions measure recall and recognition skills while requiring less time to complete than multiplechoice questions (7). Two remaining questions were multiple choice, covering material that was not tied to a vignette.
A standard item analysis was performed (8). Difficulty index, discrimination index, and biserial values were calculated for each item. Difficulty index evaluates the student performance on the question and ranges from 0.0 (no student answered correctly) to 1.00 (all students answered correctly). A difficulty index of 0.8 indicates that 80% of the students answered the item correctly.
Discrimination index compares the performance of students who scored in the upper quartile on the whole examination with students who scored on the lower quartile on the whole examination.
It is calculated as: (% of students in the top quartile who answered the item correctly) -(% of students in the bottom quartile who answered the item correctly) (see Table 1 ). Discrimination index values range from 1 .OO to -1 .OO. A discrimination index of 1.00 indicates that all of the students in the upper quartile answered correctly and no students in the lower quartile answered that item correctly. A discrimination index of 0 indicates that an equal number of students in the upper quartile and lower quartile answered correctly. Negative discrimination indexes indicate that students who scored on the bottom quartile of the overall examination performed better on that item than the students who scored in the top quartile of the overall examination.
For 1992, the student performance on the matching items was compared with performance on the vignette items. The overall cardiovascular item analysis from the 1992 examination was compared with a similar item analysis on cardiovascular questions from three preceding years (1989,1990, and 1991) . Earlier examinations used a combination of best answer, K-type, and graph interpretation questions. Question types in the years preceding 1992 were not subdivided.
Data from the discrimination and difficulty indexes were used to identify items for potential use in a question bank. These indexes are reciprocally related, with higher discrimination indexes usually found in items characterized by lower difficulty indexes. The mathematical sum of the difficulty and discrimination indexes can provide a nonparametric value relating to item power. For this study, a power value of ~110 was set as the exclusion criteria.
All data are expressed as means t SE. Statistical comparison between question types was by a t test, and between-year comparisons were made by a one-way analysis of variance, followed by Tukey's test. The level of significance was set at P < 0.05.
RESULTS
Difficulty index. The 1992 vignette-based questions had a significantly lower difficulty index than the 1992 matching questions. Difficulty indexes for matching items averaged 93 t 3%) while the difficulty index of the vignette-based items was 79 t 3% (P < 0.05).
When compared with previous years, the overall cardiovascular item difficulty index for 1992 was 83 t 2%.
This was comparable to the difficulties of cardiovascular physiology items administered in 1991 (77 t 4%), 1990 (83 t 3%), and 1989 (78 t 2%) (Fig. 1) .
Discrimination index. The discrimination index for vignette-based items (0.29 t 0.03) was significantly higher than the index for matching items (0.10 t 0.03) (P < 0.05). Comparison across years, however, did not reveal any significant change in the overall cardiovascular item discrimination index (Fig. 2) .
Difficulty-discrimination correlation. The negative correlation between difficulty and discrimination in the 1992 examination (-0.74) reflects a similar relationship seen in preceding years (-0.64, -0.72, -0.40 for 1991, 1990, and 1989, respectively) . The slope of the relationship, however, was significantly greater in 1992 (-1.01) than in the preceding years (-0.52, -0.77, and -0.46, respectively) (Fig. 3) . Questions of comparable difficulty written in 1992 had a greater discriminating effect than in previous years.
The increased slope is also reflected in the power value calculated from summing discrimination index plus difficulty index (Fig. 4) . There was a progressive increase in the number of questions with a power value of <lo0 from 1989 to 1992. Additionally, a large number of the 1992 questions had power values >llO. In 1989-1991, <15% of the cardiovascular items passed the 110 power value. In 1992, 35% of the cardiovascular items passed the 110 power value.
The 1992 vignette-based questions were disproportionately represented in the X10 power value group. In 1992, 47% of the vignette-based items fell in this category, compared with 12% of other item types.
DISCUSSION
The most important finding of this study is that vignette-based auestions have a higher discrimination than other types of questions with a similar difficulty index. Examinations are used to identify students who have mastered the material (6). In the medical school setting, examinations are used to assign grades (discriminate) as well as to test the minimal competency in subject matter (passing grade). An ideal question should fit both of these criteria.
Item analysis from the [1989] [1990] [1991] examinations showed that ideal items appeared infrequently. Items characterized by high discrimination indexes were usually characterized by low difficulty indexes. The best discriminators were often questions missed by >50% of the class. An examination composed exclusively of such questions may yield a good spread of scores but would also produce an unacceptably low class average.
On the other extreme, items with high difficulty indexes are usually characterized by a low discrimination. An item with a 1.00 difficulty index (100% of the class answered correctly) mathematically must have a discrimination index of 0. The interaction between these two measures of item performance must be considered when evaluating an item analysis. There is no optimal value for either difficulty or discrimination.
Both of these qualities must be considered when evaluating examination items.
One approach to identify ideal questions is to mathematically account for the interaction between the difficulty and discrimination indexes. A sum of these indexes would provide an approximation of question power. This power value could be used to characterize items according to both their difficulty and discrimination.
Items with a sufficiently large power value could be collected and used in house for USMLE step 1 preparation examinations.
The cutoff value for identifying ideal questions is arbitrary, as the power index is nonparametric.
A value of 110 was chosen by the following criteria. 1) The inclusion value must be X00 to eliminate questions with 100% difficulty index and 0% discrimination index, as well as questions with high discrimination but inappropriate (~0.5) difficulty index. 2) The value of 110 ensures that all questions have a minimum discrimination index of ~0.1 and that questions with a difficulty index of CO.9 have a strong (>0.2) discrimination index. Any further reduction in difficulty index must be accompanied by a proportionate increase in discrimination index. The 15 vignette-based questions used in the 1992 examination more closely fit the format of ideal test questions. The high discrimination index was accompanied by a high difficulty index. Seven of these 15 questions displayed a sufficient power index to be considered ideal questions.
One negative aspect of vignette-type questions is the time needed to answer each question. In the 1992 examination, the time factor was partially compensated by including a group of six matching questions. Matching questions generally test lower cognitive skills, such as recognition and definition. The advantage of this style of questioning, however, is that matching questions generally require the least amount of time to complete. An examination combining both vignette-and matchingtype questions may best meet the time constraints of examination neriods. The overall examination difficulty and discrimination indexes were not affected by inclusion of vignettebased questions in the 1992 exam. Increasing the frequency of this type of question, however, may significantly increase the discrimination without affecting the overall class average.
Comparison of item analysis across years should be interpreted with caution. The results can be affected by factors such as changes in the class composition (reflecting annual changes in the applicant pool) (3) and curriculum revision (1). Characterization of examination questions by discrimination index and difficulty index, however, provides a mechanism for increasing the validity of items used in examinations.
In summary, the USMLE is adopting a new format for testing basic science knowledge. My experience with questions in which basic science principles are embedded in a clinical vignette indicates that the new questioning format can increase the discrimination without affecting the overall class performance. These experiences suggest a benefit from a more widespread adoption of the clinical vignette question format in lecture-based medical physiology courses.
